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SUMMARY 


Industry  representatives  identified  the  most  important  pr(x:essing  methods,  scientific  and 
technical  barriers  to  improved  processing,  and  performance  issues  for  the  time  period  from  5 to 
15  years  from  now. 

Two  processing  methods  were  selected  as  most  important:  pressure  molding  and  liquid 
molding.  Pressure  molding  includes  press,  compression,  and  autoclave  molding.  The  liquid 
molding  describes  resin  transfer  molding  (RTM)  and  structural  reaction  injection  molding  (high 
speed  RTM).  Three  additional  processing  methods  were  identified  as  being  important  for  the 
future:  filament  winding,  thermoforming,  and  pultrusion. 

Seven  scientific  and  technical  barriers  to  the  fuU  exploitation  of  these  processing  methods 
were  identified.  The  three  highest  priority  items  are  the  need  to  understand  and  control  resin 
flow  and  fiber  orientation,  to  develop  process  monitoring  sensors  for  on-line  control,  and  to 
understand  and  control  the  fiber-matrix  interface.  The  remaining  areas  where  there  is  a need  for 
improvement  are  data  validation  and  testing  standards,  determination  and  control  of  morpholog\\ 
surface  quality  and  dimensional  stabiHtv.  and  understanding  of  heat  flow. 

The  Workshop  also  identified  and  prioritized  eight  technologies  that  complement  processing 
and  are  important  for  the  future.  The  three  highest  ranked  items  were  fiber  placement,  new 
methods  to  prepare  prepreg.  and  joining.  The  remaining  items  are  preform  preparation,  recycling. 
environmental  safet\\  tooling,  and  alternate  sources  of  energ\\ 

The  majority  of  people  at  the  W^orkshop  felt  that  thermosets  were  still  the  dominant  resin 
system  in  most  applications,  but  all  felt  that  thermoplastics  had  significant  potential  and  should 
be  watched  closely  for  future  development  Four  other  classes  of  materials  were  also  viewed  as 
having  potential  for  the  future:  liquid  crv^stal  polymers,  molecular  composites,  smart  materials. 

and  specialized  polvmer  svstem. 

The  Workshop  also  selected  seven  performance  issues  that  they  felt  w'ere  critical  for  the 
future.  In  order  of  priority  these  issues  are:  impact,  environmental  attack,  delamination, 
dimensional  changes,  thermal  stabilitvt  fatigue,  and  creep.  There  was  a surprising  consensus  on 
impact  and  environmental  attack  with  each  industry  sectors  ranking  these  two  items  in  their  top 
three  priorities.  Beyond  this  point,  the  order  of  imponance  depended  on  the  industrv'  involved. 
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The  attendees  at  the  Workshop  represented  a wide  variety  of  industries  including:  aerospace, 
automotive,  electronics,  marine,  and  construction.  They  were  divided  about  equally  among  users, 
suppliers,  and  those  involved  in  both.  The  companies  represented  were: 


Applied  Physics  Laboratory 
Aristech  Chemical  Corp. 
AT&T  Bell  Laboratories 
Automated  Dynamics 
BF  Goodrich 
Construction  Technology 
Dow  UTCP 

E.L  DuPont,  Central  Research 
E.L  DuPont,  Composites 
Emerson  & Coming 
Fibrite  (ICI) 

Ford  Motor  Company 


GenCorp  Research 

General  Electric  Corp.  R&D 

Grumman  Aircraft  - 

Hercules  Corp.,  Magna 

Hercules  Corp.,  Wilmington 

IBM,  Endicott 

ICI  Composite  Structure 

Industrial  Fiberglass  Specialties 

Martin  Marietta  Aero  and  Naval  Systems 

Martin  Marietta  Laboratories 

PDA  Engineering 

Technology  Catalysts,  Inc. 
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INTRODUCTION 


The  issue  of  international  competitiveness  has  received  much  attention  lately,  and  rightly  so. 
One  example  is  a recent  Department  of  Commerce  (DOC)  study  that  was  conducted  to  identify 
emerging  technologies  since  they  are  critical  tools  for  the  development  of  better,  more 
competitive  products  in  the  future.  The  results,  which  are  detailed  in  a report^  entitled  "Emerging 
Technologies  - A Survey  of  Technical  and  Economic  Opportunities,"  have  identified  Advanced 
Materials  as  one  of  the  key  technologies.  This  same  conclusion  was  reached  by  a number  of 
other  industry  and  Government  sponsored  studies  including  those  by  the  Aerospace  Industries 
Association^  ("Key  Technologies  for  the  1990s")  and  the  Department  of  Defense^  ("Critical 
Technology  Plan").  The  Congress’s  Office  of  Technology  Assessment  (OTA)  reports  $2  billion 
worth  of  advanced  materials  are  currently  replacing  conventional  materials  annually"^  and  predicts 
this  will  rise  to  $20  billion  by  2000.  The  OTA  study  warns,  however,  that  the  emphasis  on 
commercialization  by  Japan  and  Europe  could  put  them  in  a very  good  position  to  compete  for 
these  markets.  This  warning  is  echoed  by  the  DOC  report  which  concludes  that  the  U.S.  is 
rapidly  losing  its  lead  in  advanced  materials. 

The  largest  single  item  in  the  advanced  material  category  is  polymer  based  composites.  The 
annual  growth  rate  for  polymer  composites^’^  is  very  high,  16%,  but  the  continuation  of  this 
growth  requires  the  expanded  use  of  composites  in  mass-market,  civilian  applications.  The  major 
barrier  to  this  is  the  high  cost,  and  this  is  increasingly  a concern  for  military  and  aerospace 
applications  as  well.  A report^  by  Kline  & Co.  estimated  that  more  than  70%  of  the  cost  for 
advanced  composites  is  in  the  fabrication  and,  like  a similar  report^  by  Business  Communications 
Co.,  concludes  that  improvements  must  be  made  if  the  potential  of  these  materials  is  to  be 
realized.  The  problem  has  arisen  because  the  pressure  for  rapid  implementation  of  composites 
has  led  the  applications  to  outstrip  the  development  of  a corresponding  science  and  technology 
base  in  fabrication.  It  is  now  generally  recognized  that  a major  effort  is  needed  to  correct  this 
problem. 


Purpose  of  Workshop 

The  field  of  composite  fabrication  is  very  complex  with  many  potential  areas  to  study,  and 
thus,  to  be  effective,  the  research  activities  must  be  focused  on  those  aspects  of  the  science  base 
which  will  have  the  most  direct  impact  on  the  development  of  cost  effective  processing.  To 
identify  these  areas,  an  Industry  Workshop  on  Polymer  Composite  Processing  was  held  at  the 
National  Institute  of  Standards  and  Technology  (NIST)  on  October  7,  1987.  The 
recommendations*  from  that  meeting  were  used  in  planning  a major  expansion  of  the  NIST 
composites  program  in  1988. 
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After  more  than  two  years,  it  was  felt  that  the  recommendations  of  the  1987  Workshop 
should  be  updated  and  refined  so  a second  Industry  Workshop  was  held  at  NIST  on  May  18, 
1990.  This  Workshop  also  provided  an  opportunity  to  tell  industry  about  the  progress  made  by 
NIST’s  composites  research  program  since  1987.  Of  particular  interest  were  the  projects 
designed  to  address  the  recommendations  of  the  1987  meeting.  A final  objective  in  the 
Workshop  was  to  seek  industries’  advice  and  guidance  for  planning  a program  expansion  in  the 
NIST  effort  which  is  proposed  in  the  FY91  budget  This  increase  would  address  the  scientific 
and  technical  questions  associated  with  testing  and  prediction  of  performance  properties  in 
composites.  To  examine  this  area,  the  Workshop  was  asked  to  identify  and  discuss  the 
performance  issues  that  are  most  important  to  their  industries.  The  results  and  discussions  of  the 
second  Industry  Workshop  are  summarized  in  this  Report. 

Information  Sought 

To  accomplish  these  goals,  the  attendees  were  asked  to  consider  the  time  period  from  5 to 
15  years  from  now  and  answer  three  questions.  First,  what  are  the  generic  processing  methods 
that  will  be  of  most  interest  to  industry  during  this  time  period?  Second,  what  are  the  scientific 
and  technical  barriers  that  hinder  the  implementation  and  effective  use  of  these  methods?  Third, 
what  are  the  performance  issues  that  are  most  important  for  your  industry? 

Workshop  Composition 

The  meeting  involved  only  industrial  participants  so  that  the  results  would  reflect  the  position 
of  industry.  There  were  a total  of  26  attendees  representing  24  different  company  organizations. 
The  attendees  were  asked  to  indicate  which  industry  sectors  they  could  represent  and  the 
breakdown  was:  35%  aerospace,  21%  automotive,  15%  electronics,  11%  marine/hydrospace,  6% 
construction,  and  12%  other  which  includes  prepreg  fabrication,  industrial  applications,  general 
part  manufacturing,  and  data  base/design  management.  The  attendees  were  split  about  evenly 
among  users,  suppliers,  and  those  involved  in  both.  The  suppliers  included  manufacturers  of 
resins  and  fibers  as  well  as  starting  materials,  such  as  preimpregnated  fiber  tape  and  cloth,  and 
fabricators  of  small  parts  for  the  larger  industrial  users.  A full  attendance  list  is  given  in 
Appendix  I.  In  addition,  comments  were  supplied  by  scientists  from  two  companies  (Ferro  Corp. 
and  Monsanto  Chemical  Co.)  that  could  not  participate  in  the  Workshop  but  expressed  great 
interest  in  the  NIST  research  effort. 


Workshop  Program 

The  Workshop  was  a day  long  meeting  whose  agenda  is  given  in  Table  I.  It  began  with  a 
review  of  the  conclusions  of  the  1987  Workshop,  and  a brief  overview  of  the  NIST’s  composites 
research  program  with  emphasis  on  how  it  had  responded  to  the  1987  recommendations.  This 
was  followed  by  presentations  from  representatives  of  four  industry  sectors:  automotive, 
electronics,  aerospace,  and  data  base/design.  Each  speaker  reviewed  the  current  relevance  of  the 
conclusions  from  the  1987  Workshop  for  their  industries  and  suggested  where  revisions  were 
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Table  I:  Workshop  Agenda 

7:45  - 9:45 

May  17,  1990  Evening 

Reception  and  Registration 

7:45 

(Cheese  and  Desserts,  Cash  Bar) 

Marriott  Hotel  - Check  at  Desk  for  Room 

May  18, 1990 

Bus  leaves  firom  front  of  Marriott  for  NIST 

8:00-  8:30 

Registration,  Coffee  and  Donuts 

8:30-  8:45 

Lecture  Room  C,  Administration  Building 

Welcome  and  Comments 

8:45  - 9:15 

R.  Kammer,  Deputy  Director  of  NIST 

Past  Workshop  Conclusions,  NIST  Processing 

9:15  - 10:05 

Program  Overview,  and  Performance  Issues 

D.  Hunston 

Industry  Updates 

10:05  - 10:30 

Automotive  - C.  Johnson,  Ford 

Electronic  - G.  Schmitt,  IBM 

Aerospace  - S.  Dastin,  Grumman 

Design/Data  Base  - Ed.  Stanton,  PDA  Eng. 

Survey  and  Coffee 

10:30  - 11:20 

Resin  Transfer  Molding 

11:20  - 12:10 

F.  Phelan 

R.  Pamas 

Interface  Studies 

12:10-  1:10 

W.  Wu 

P.  Herrera-Franco 

Lunch 

1:10-  1:30 

Processing  Sensors 

1:30-  1:50 

D.  Hunston 

Crystalline  Texture 

1:50-  2:00 

F.  Khoury 

Survey  Results 

2:00-  3:00 

Industry  Discussion  of  Future  Needs 

3:00-  3:15 

C.  Johnson,  Ford 

Coffee 

3:15  - 3:30 

Conclusions 

3:30-  4:00 

C.  Johnson,  Ford 

Lab.  Tour  for  those  interested. 
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needed  for  the  1990’s.  Knowledgeable  members  of  the  audience  augmented  the  presentation  with 
comments  based  on  their  own  experience  and  expertise. 

After  the  industry  presentations,  a questionnaire  was  given  to  each  attendee.  This 
questionnaire,  which  is  described  below,  provided  an  opportunity  for  each  person  to  answer  the 
questions  posed  in  the  Workshop  and  furnish  other  comments  as  well.  While  the  attendees  were 
completing  this  form,  a more  detailed  look  at  the  NIST  research  program  was  provided  with 
presentations  on  six  processing  related  projects.  This  occupied  the  remainder  of  the  morning  and 
early  afternoon  schedule.  The  questionnaires  were  collected  before  lunch  and  the  evaluation 
begun  at  once  so  their  results  would  be  available  for  discussions  in  the  afternoon. 

During  the  last  part  of  the  meeting,  Carl  Johnson  of  Ford  led  discussions  on  processing 
methods,  technical  barriers,  and  performance  issues.  The  preliminary  results  from  the 
questionnaire  were  used  to  focus  the  deliberations.  The  goal  was  to  reach  a consensus  among 
all  industry  sectors  on  answers  to  the  three  Workshop  questions  and  other  issues  raised  during 
the  discussions.  To  a large  extent,  this  was  achieved  although  in  a few  cases,  the  answers  were 
industry  dependent.  In  addition,  the  issue  of  technologies  that  complement  processing  produced 
a large  number  of  new  ideas  which  made  it  difficult  to  finalize  priorities  during  the  discussions. 
As  a result,  a second  questionnaire  was  sent  to  attendees  by  mail  following  the  meeting  so  they 
could  prioritize  the  topics  in  this  area.  The  Workshop  was  closed  with  a summary  of  the 
discussions  and  conclusions  by  Carl  Johnson. 


Questionnaire 

The  first  questionnaire  was  divided  into  four  sections.  The  initial  page  requested  information 
on  which  industry  sector  or  sectors  the  attendee  could  represent.  The  first  section  asked  each 
respondent  to  identify  and  rank  the  most  important  scientific  and  technical  barriers  that  hinder 
cost  effective  processing  in  their  industry.  The  second  section  expanded  each  barrier  by  listing 
four  to  six  subtopics  so  attendees  could  specify  in  more  detail  exactly  where  they  saw  the  biggest 
challenges.  The  third  section  asked  the  respondent  to  identify  and  prioritize  the  performance 
issues  that  are  of  most  concern  to  their  industry.  The  final  section  requested  an  update  on  the 
ranking  of  items  in  three  categories:  processing  methods,  important  technologies  that  complement 
processing,  and  materials  with  potential  for  the  future. 

Each  section  of  the  questionnaire  contained  a list  of  possible  answers  based  on  the  results 
of  the  1987  Workshop  and  suggestions  made  by  the  attendees  on  their  meeting  registration  forms. 
In  addition,  space  was  provided  so  last  minute  items  could  be  added,  and  the  attendees  took 
advantage  of  the  opportunity  to  include  several  important  new  topics,  particularly  in  the  area  of 
technologies  that  complement  processing. 

The  second  questionnaire  contained  a list  of  all  the  suggestions  for  technologies  that 
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complement  processing.  It  was  mailed  to  each  Workshop  attendee,  and  they  were  asked  to 
indicate  their  priorities  and  return  the  list  for  evaluation.  Appendix  n contains  a copy  of  both 
questionnaires. 
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WORKSHOP  PRESENTATIONS 


The  meeting  presentations  began  with  a review  of  the  conclusions  from  the  previous 
Workshop.  A brief  summary  of  these  conclusions  is  presented  here. 

Review  of  1987  Workshop 

Industry  representatives  at  the  previous  Workshop  were  asked  to  determine  the  processing 
methods  that  would  be  the  most  important  in  the  future  (5  to  15  years)  and  the  scientific  and 
technical  barriers  that  prevent  the  optimal  use  of  these  methods  today.  The  results  are  briefly 
outlined  below  and  in  Table  II. 

Processing  Methods 

The  1987  Workshop  produced  a consensus  among  the  industry  representatives  on  five 
processing  methods.  In  order  of  decreasing  priority  they  are:  pressure  molding,  transfer  molding, 
filament  winding,  thermoforming,  and  pultrusion.  Pressure  molding  included  both  compression 
molding  and  autoclave  processing.  The  first  two  methods  were  ranked  about  evenly  and  were 
rated  significantly  higher  than  the  other  three. 

Technologies  that  Complement  Processing 

In  addition,  two  other  technologies  were  identified  as  very  important,  but  they  can  not  really 
be  classified  as  processing  methods.  Consequently,  a new  category  was  defined,  namely 
technologies  that  complement  processing.  The  first  of  two  items  in  this  list  was  alternate  sources 
of  energy  input.  This  included  heating  by  microwaves,  lasers,  hot  gas  jets,  and  similar  techniques 
which  have  the  potential  for  highly  controlled  energy  input.  The  second  technology  was  resin 
coating  of  fibers.  Powder  prepregging,  commingled  fibers,  and  similar  methods  for  combining 
the  two  constituents  in  unique  ways  were  included  in  this  item. 

Scientific  and  Technical  Barriers 

In  the  area  of  scientific  and  technical  bairiers,  the  Workshop  developed  a list  of  six  problem 
areas.  Four  of  them  involved  the  inability  to  understand  and  control  various  processing  events: 
resin  flow  and  fiber  orientation  (rated  first),  heat  flow  (rated  second),  morphology  in  partially 
crystalline  systems  and  in  multiphase  toughened  resins  (rated  fifth),  and  surface  quality  and 
dimensional  stability  (rated  sixth).  These  areas  are  particularly  important  since  they  provide  the 
targets  for  on-line  process  control  which  the  Workshop  regarded  as  the  key  to  more  rapid  and 
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Table  IT:  Conclusions  of  1987  Workshop 


MOST  IMPORTANT  PROCESSING  METHODS  (RANK) 

Pressure  Molding  (1) 

Transfer  Molding  (2) 

Filament  Winding  (3) 

Thermoforming  (4) 

Pultrusion  (5) 

IMPORTANT  TECHNOLOGIES  THAT  COMPLEMENT  PROCESSING 

Alternate  Sources  of  Energy 
Resin  Coating  of  Fibers:  Preparation  and 
Processing 

MOST  IMPORTANT  SCIENTIFIC  AND  TECHNICAL  BARRIERS  (RANK) 

Inability  to  Understand  and  Control 

Resin  Flow  - Fiber  Orientation  (1) 

Heat  Flow  (2) 

Morphology  (5) 

Surface  Quality  - Dimensional 
Tolerances  (6) 

Fiber-Matrix  Adhesion  (3) 

Data  Validation  - Test  Standardization  (4) 

POTENTIALLY  IMPORTANT  MATERIALS  FOR  THE  FUTURE 

Thermoplastics 

Liquid  Crystalline  Polymers 

Molecular  Composites 


reliable  processing.  The  third  most  important  area  was  fiber-matrix  adhesion.  It  was  felt  that 
the  measurement  techniques  for  fiber-matrix  adhesion  needed  to  be  improved  while  the  factors 
which  determine  the  bond  strength  must  be  better  understood  and  controlled  during  processing. 
The  problem  area  listed  as  fourth  most  important  was  data  validation  and  test  standardization. 
Of  interest  here  were  quality  control  tests,  materials  acceptance  tests,  and  performance  prediction 
tests. 
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Material  Systems  with  Potential  for  the  Future 

The  final  topic  discussed  in  the  1987  Workshop  was  material  systems.  Although 
thermosetting  resins  were  felt  to  be  the  most  important  at  the  present  time,  the  attendees 
suggested  three  classes  of  materials  that  have  great  potential  for  the  future  and  should  be  closely 
watched.  These  are  thermoplastics,  liquid  crystal  polymers,  and  molecular  composites. 


NIST  Research  Program 

The  presentations  continued  with  a review  of  the  NIST  composite  research  program  which 
represents  a major  and  expanding  area  of  emphasis.  Complete  details  on  the  program  can  be 
found  in  the  Polymer  Division’s  Annual  Report^  so  only  a brief  summary  will  be  presented  here. 
The  focus  of  the  program  is  material  science.  The  work  generally  uses  existing  materials,  often 
model  systems,  and  studies  the  changes  that  occur  during  processing.  Processing  invariably 
introduces  microstructure  which  influences  properties  and  so  a second  portion  of  the  program 
concentrates  on  developing  techniques  to  characterize  this  microstructure.  Finally,  the  properties 
of  the  finished  test  piece  are  determined.  The  NIST  program  generally  does  not  include  synthesis 
of  new  materials  although  there  are  cooperative  efforts  with  universities  and  industries  where  the 
co-participant  performs  the  synthesis.  At  the  other  extreme,  the  performance  of  large  structures 
is  also  outside  the  scope  of  the  NIST  effort  which  usually  stops  at  the  level  of  plates,  tubes,  or 
other  very  simple  structures. 

The  two  major  program  goals  are:  (1)  to  monitor,  model,  and  ultimately  control  the  chemical 
and  physical  changes  that  occur  during  processing  in  order  to  develop  the  tools  needed  for  more 
rapid  and  reliable  fabrication,  and  (2)  to  establish  processing-microstructure-property  relationships 
so  improved  performance  and  performance  prediction  can  be  achieved.  As  outlined  in  Table  HI, 
the  projects  are  divided  into  three  tasks:  Processing  Science,  Microstructure  Characterization,  and 
Laminate  Performance. 

Processing  Science 

Research  in  the  Processing  Science  Task  falls  into  four  areas.  The  first  is  process 
monitoring.  NIST  has  developed  equipment  and  expertise  in  10  different  process  monitoring 
techniques  which  include  ultrasonics,  dielectrics,  optical,  spectroscopic,  thermal,  and 
chromatographic  methods.  Both  laboratory  and  on-line  measurements  are  included.  This 
capability  is  directly  relevant  to  the  conclusions  of  the  1987  Workshop  which  identified  process 
monitoring  as  an  important  need.  The  capabilities  at  NIST  also  provides  industry  with  an 
impartial  source  of  knowledge  and  expertise  when  they  have  questions  related  to  process 
monitoring. 

The  second  effort  in  processing  science  is  the  development  of  fabrication  facilities  which  can 
be  used  both  to  make  test  specimens  and  to  investigate  the  implementation  of  on-line  process 
control.  In  response  to  the  1987  Workshop  recommendations,  facilities  were  added  in  the  two 
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Table  III:  NIST  Composite  Research  Program 


PROCESSING  SCIENCE 

Process  Monitoring  - 10  Monitoring  Techniques 
Processing  Facilities 

Resin  Transfer  Molding  (RTM) 

Automated  Press 
Autoclave/Prepregger 
Process  Modelling  - RTM 
Computation 
Flow  Visualization 
Process  Control 

MICROSTRUCTURE  CHARACTERIZATION 
Resin 

Thermoset  - Network  Structure 
Undeformed  State 
Deformed  State 
Thennoplastic  - Crystallinity 

Fiber 

Gel  Spun  Fiber  - Gel  Structure 
Interface 

Structure  of  Glass/Resin  Interface 
Composite  - Thick  Section 

Through  Thickness  Variations 

LAMINATE  PERFORMANCE 

Test  Methods 

Delamination 

Fiber-Matrix  Interface  Strength 
Modelling 

Delamination 
Buckling  in  Compression 

Failure  Mechanisms  - Resin,  Adhesive,  Composite 
Crack-Tip  Visualization 
Toughening 
Physical  Aging 
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highest  rated  areas:  resin  transfer  molding  and  pressure  molding  (automated  press  and 
autoclave/prepreg  equipment). 

Although  research  will  be  conducted  with  all  three  methods,  limited  resources  make  it 
important  to  focus  the  major  thrust  on  one  technique,  and  resin  transfer  molding  was  selected. 
The  program  in  this  area  involves  a combination  of  computer  modeling  and  flow  visualization 
for  filling  of  molds  with  model  complexities  such  as  solid  inclusions,  cut  lines,  heterogeneous 
preforms,  etc.  In  the  near  future,  the  program  will  be  extended  to  curing  systems  with  on-line 
cure  monitoring  in  the  mold.  Ultimately,  the  program  will  investigate  on-line  process  control 
which  the  1987  Workshop  identified  as  a critical  long  term  goal. 

Microstructure  Characterization 

The  second  task  area  is  Microstructure  Characterization.  Although  it  includes  features  like 
flaws,  voids,  and  defects,  the  existing  characterization  techniques  for  these  features  are  relatively 
well  developed.  Consequently,  the  NIST  program  focuses  on  more  localized  structure.  The  work 
is  divided  into  four  areas:  resin,  fiber,  interface,  and  composite  structures.  The  resin  work  has 
developed  a technique  to  characterize  the  molecular  network  structure  in  cross  linked  thermosets, 
and  this  method  has  been  applied  to  analyze  the  structure  of  both  model  and  commercial  systems. 
The  method  has  also  been  used  to  determine  how  the  microstructure  changes  when  the  samples 
are  macroscopically  deformed.  This  information  provides  important  guidelines  for  the 
development  of  tougher  materials.  A second  project  on  resins  is  investigating  crystallinity  in 
partially  crystalline  thermoplastics.  Of  particular  interest  is  the  effect  of  the  fiber  surface  on  the 
amount  and  kind  of  crystallinity. 

The  second  area  of  study  in  microstructure  determination  is  gel  spun  fibers  and  films.  The 
structure  of  the  gel  and  the  nature  of  the  gelation  process  are  being  investigated  and  related  to 
the  performance  of  the  gel  spun  fiber  or  film.  The  third  project  is  investigating  microstructure 
of  the  glass-resin  interface.  Neutron  reflectance  techniques  are  being  used  to  investigate 
microvoids  and  the  kinetics  of  the  wetting  process  on  a molecular  level  for  thermoplastic  resins. 
The  results  are  correlated  with  experimental  studies  of  interface  strength.  A major  reason  for  the 
work  in  the  area  of  interface  strength  is  the  high  priority  it  was  given  in  the  1987  Workshop. 

The  final  study  in  the  microstructure  area  is  the  investigation  of  characterization  techniques 
for  thick  section  composites.  With  the  increased  interest  in  thick  section  structures  comes  a 
concern  about  the  possibility  of  variations  in  the  material  through  the  thickness.  A summary  of 
the  techniques  that  have  potential  to  address  this  problem  was  conducted. 

Laminate  Performance 

The  final  task,  Laminate  Performance,  involves  work  in  three  areas:  test  method  development, 
modeling,  and  failure  mechanisms.  In  the  area  of  test  method  development,  the  work  has  focused 
on  delamination  and  fiber-matrix  interface  strength.  Both  test  method  development  and  interface 
strength  were  rated  as  very  important  topics  by  he  1987  Workshop. 
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In  association  with  ASTM  and  other  groups,  standard  fracture  tests  are  being  developed  for 
interlaminar  crack  growth  in  composites.  Model  experiments  are  also  being  performed  using  very 
thin  adhesive  bonds  to  simulate  the  constraint  that  the  resin  sees  in  a composite  when  the  resin 
is  confined  between  plies. 

In  the  area  of  fiber-matrix  interface  strength,  two  programs  are  underway.  The  first  is 
conducting  a comparison  of  the  three  most  commonly  used  methods:  the  fragmentation  test,  the 
bead  pull-off  test,  and  the  indentation  test  By  testing  and  comparing  results  for  a series  of 
composites  samples  specially  prepared  to  have  different  interface  strengths,  the  advantages  and 
limitations  of  each  method  can  be  assessed.  All  of  these  tests,  however,  require  specially 
prepared  specimens.  Consequently,  a second  project  is  developing  a new  test  that  can  be  applied 
to  prepreg  material  and  real  parts.  In  this  method,  a laser  is  used  to  rapidly  heat  a very  small 
area,  and  the  differences  in  thermal  expansion  coefficient  between  the  resin  and  the  fiber 
produces  high  stresses  at  the  interface.  This  produces  cracks,  and  the  cracking  process  can  be 
monitored  by  acoustic  emission.  For  stronger  interfaces,  the  detected  acoustic  emission  is  much 
less. 


The  modeling  activity  in  the  Laminate  Performance  Task  supports  the  test  method 
development  work  with  studies  on  delamination  test  geometries  and  buckling  in  compression. 
A new  effort  is  studying  the  stress  fields  present  in  the  fiber-matrix  interface  tests  to  develop  a 
more  quantitative  understanding  of  what  these  tests  are  measuring. 

The  final  area  of  work  on  Laminate  Performance  is  the  study  of  failure  mechanisms  in 
composites  and  structural  adhesives.  One  program  is  examining  the  micromechanics  of  the  crack 
tip  region  by  using  video  tape  recordings  made  through  a microscope.  A second  program  studies 
two  phase  toughened  systems.  The  goal  is  to  understand  the  toughening  mechanisms  in  terms 
of  the  morphology  and  how  it  is  generated  during  processing.  This  was  another  topic  listed  as 
very  important  by  the  1987  Workshop.  The  final  program  in  this  area  studies  physical  aging. 
The  properties  of  glassy  polymers  are  known  to  change  with  time  even  when  chemical 
degradation  is  not  present  It  is  important  to  determining  what  changes  occur  and  if  they  affect 
performance  in  composites. 


Industry  Presentations 

The  program  continued  with  presentations  from  four  industry  sectors.  The  viewgraphs  from 
these  presentations  are  contained  in  Appendix  HI.  The  following  sections  contain  brief 
summaries  of  what  was  said  in  the  presentations  and  associated  discussions. 


Automotive  Industry 

Carl  Johnson  from  Ford  reviewed  the  Automotive  Composites  Consortium  which  is  an 
organization  formed  by  Ford,  Chrysler,  and  General  Motors  under  the  U.S.  National  Cooperative 
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Research  Act  of  1984.  The  purpose  is  to  conduct  precompetitive  research  on  composites  in 
recognition  of  the  great  potential  of  composites  and  the  significant  benefits  to  be  achieved  by 
coordinating  fragmented  research  efforts  and  leverage  existing  resources  to  enhance 
competitiveness.  The  focus  is  on  technologically  feasible  but  unproven  concepts. 

As  part  of  their  work,  the  consortium  has  identified  and  prioritized  the  most  important 
technical  challenges  for  application  of  composites  in  the  automotive  industry,  and  this  provides 
very  useful  information  for  this  Workshop.  The  consortium’s  program  is  directed  toward 
structural  composites  with  the  primary  emphasis  on  thermosets.  Thermoplastics  are  of  interest 
but  need  to  establish  cost  effectiveness.  The  parts  being  considered  are  40%  volume  fraction 
reinforcement.  This  reinforcement  is  primarily  glass  fibers  although  some  carbon  or  arimide 
fibers  may  be  used  for  particular  applications. 

The  consortium  has  selected  three  critical  areas  of  technology:  Processing,  Materials,  and 
Crash  Energy  Management,  and  organized  working  groups  to  address  each.  In  addition  there  is 
a demonstration  project  where  the  results  of  the  work  in  the  three  separate  areas  will  be 
combined  to  produce  a composite  structural  part.  As  pan  of  their  studies,  the  three  working 
groups  have  prioritized  the  problem  areas  in  both  processing  and  performance. 

The  Processing  Group  has  selected  liquid  molding  as  the  most  important  processing 
technology.  Liquid  molding  includes  both  resin  transfer  molding  (RT\I)  and  structural  reaction 
injection  molding  (SRTM)  which  is  a high  speed  version  of  RTM.  The  current  research  program 
focuses  on  preform  development,  joining/certification,  and  trimming. 

The  Materials  Group  is  establishing  test  procedures,  setting  up  a data  base,  and  developing 
tests  for  durability.  The  first  tw’o  items  are  nearing  completion  so  the  current  focus  is  on  the 
third.  In  the  area  of  durability  the  consortium  has  identified  four  topics  as  most  important  in  the 
automotive  industry:  impact,  fatigue,  creep,  and  environmental  attack. 

The  Crash  Energy  Management  Group  is  investigating  ways  to  improve  the  crash  worthiness 
of  production  feasible  composites  structure.  Crash  w'orthiness  is  the  ability  to  absorb  the  impact 
energy'  produced  by  a crash  and  minimize  the  effects  on  the  passengers.  The  Group  is 
identifying  the  critical  parameters  and  design  features,  evaluating  their  importance  to  crash  energy’ 
management,  developing  predictive  models,  and  ultimately  demonstrating  an  effective  structure 
made  with  the  latest  processing  concepts  as  part  of  the  focal  project. 

Electronics  Industry 

George  Schmitt  from  IBM  presented  a view  from  the  electronics  industry’.  He  expressed  the 
belief  that  the  conclusions  of  the  last  Workshop  are  still  valid.  In  the  electronics  industry’  the 
problems  remain  the  same.  Multilayer  circuit  boards  which  have  up  to  40  layers  with  20,000  or 
more  interconnections  between  layers  in  a 50  cm  by  50  cm  area  are  current  technology’  but  the 
density  and  tolerances  are  expected  to  become  more  stringent  in  all  three  directions.  This  places 
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severe  demands  on  dimensional  stability,  thermal  expansion  characteristics,  residual  stresses,  and 
creep.  Other  packaging  applications  are  expected  to  see  similar  increase  in  requirements. 
Operating  temperature  will  continue  to  rise  and  the  need  for  better  electrical  properties-- 
particularly  lower  dielectric  constant— will  increase.  Thus,  materials  with  superior  properties  will 
be  needed. 

In  the  processing  area,  autoclave,  resin  transfer  molding,  and  flat  bed  press  molding  continue 
to  have  highest  priority.  Flow  behavior  of  thermosets  as  neat  polymers  and  in  the  composites 
are  important  areas  that  need  study.  The  interface  is  also  an  important  topic,  and  this  includes 
polymer-metal,  polymer-inorganic,  and  polymer-polymer  interfaces.  The  magnitude  of  the 
challenge  can  be  illustrated  with  current  circuit  board  technology  where  the  large  numbers  of 
layers  and  interconnections  mean  that  the  total  area  of  interfaces  is  not  only  extremely  complex 
but  also  very  large  even  in  a modest  size  board.  An  obvious  consequence  is  that  the  closely 
related  topics  of  joining  and  bonding  are  and  will  continue  to  be  very  important. 

A comparison  of  the  state  of  technology  now  with  that  three  years  ago  suggests  that  the  rate 
of  introduction  of  new  concepts  is  more  rapid  than  was  believed  at  the  last  Workshop. 
Consequently,  scientific  areas  farther  away  from  production  must  be  considered  seriously. 
Examples  are  the  need  for  lower  loss  dielectric  constant,  tighter  control  of  thermal  expansion 
coefficient,  and  the  introduction  of  high  performance  thermoplastics.  In  addition,  the  use  of 
optoelectronics  for  communications  and  data  processing  is  expected  to  grow  faster  than 
anticipated  two  and  a half  years  ago,  and  therefore,  this  represent  an  area  where  research  needs 
to  be  increased. 

Other  important  areas  for  further  research  include  process  monitoring,  particularly  on-line 
techniques,  microstructure  characterization  in  composite  resins,  the  relationship  of  microstructure 
to  performance,  and  the  fiber-matrix  interface.  Finally,  the  NIST  Workshop  on  electronic 
packaging  which  was  held  in  May  of  1990  was  timely  and  appropriate,  but  there  is  a need  for 
increased  communications  between  NIST  and  the  electronics  industry. 


Aerospace 

Sam  Dastin  from  Grumman  presented  an  aerospace  perspective  on  the  current  needs  and 
barriers  to  composites  utilization.  The  emphasis  in  aerospace  is  on  high  performance  materials 
with  fiber  volume  fractions  of  55%  and  higher.  A comparison  of  the  technology  today  with  that 
two  and  a half  years  ago  when  the  first  Workshop  was  held  reveals  several  important  changes. 
These  include  increased  automation  in  fabrication  and  NDE,  higher  processing  temperatures  and 
pressures  (177°C/0.7  MPa  to  316°C/1.4  MPa  or  300°F/100  PSI  to  600°F/200  PSI),  and  more 
complex  parts  that  increase  tooling  costs.  Things  which  have  not  changed  are  the  use  of 
autoclave/prepreg  fabrication,  press  molding,  and  the  high  cost  of  materials  and  labor. 

Current  aerospace  efforts  are  aimed  at  reducing  costs  and  increasing  performance.  A major 
approach  to  reduce  costs  is  the  investigation  of  other  processing  methods  such  as  RTM, 
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thermofonning,  filament  winding,  fiber  placement  technologies,  and  matched  die  compression 
and  pultmsion.  To  improve  performance  there  is  a great  deal  of  interest  in  toughening  for  both 
thermosets  and  thermoplastics.  3D  reinforcement  through  stitching,  weaving,  or  braiding  is  also 
being  studied. 

Scientific  and  technical  needs  include  processing  science  for  thick  section  composites,  and 
improved  understanding  and  control  of  microstructural  features  such  as  fiber-matrix  interface 
strength,  voids,  and  fiber  volume  fraction.  In  addition  to  lower  costs,  more  reliable  processing 
is  being  sought  along  with  improved  NDE.  A better  understanding  of  the  role  of  microstructure 
in  failure  behavior  including  compression/delamination  in  composites  and  neat  resin  failure 
behavior  is  needed. 

A suggested  list  of  processing  methods  in  order  of  importance  was  given:  autoclave,  filament 
winding,  vacuum  bag  and  press  molding,  thermoforming,  injection  molding,  pultmsion,  and  RTM. 
A possible  list  of  current  problems  and  scientific  barriers  was  given:  poor  impact/delamination 
resistance,  void  and  porosity  formation,  high  cost  materials  and  processing  methods,  fiber-matrix 
interface  variability,  poor  control  of  fiber  volume  fraction  and  orientation,  inadequate  control  of 
dimensional  tolerances,  poor  property  repeatability  and  validation,  and  inadequate  control  of  heat 
flow  and  morphology. 

Some  important  technologies  that  complement  processing  were  discussed:  surface  coating, 
joining,  and  automation.  Materials  suggested  as  having  potential  for  the  future  were  suggested: 
high  temperature  resins  (177°C  to  316°C  or  350°F  to  600°F  long  term  exposure),  toughened 
thermosets  and  thermoplastics,  polymer  blends,  liquid  crystal  polymers,  interpenetrating  networks, 
conductive  polymers,  and  molecular  composites. 


Data  Base  / Design 

Ed  Stanton  of  PDA  Engineering  presented  the  viewpoint  of  those  involved  in  database 
development  and  design.  He  emphasized  the  importance  and  potential  impact  of  the  trend  toward 
concurrent  engineering  and  manufacturing.  This  trend  involves  integrating  the  various  aspects 
of  the  product  development,  production  and  maintenance.  These  aspects  include  product  design, 
materials  selection,  manufacturing  process  development,  automation,  cost  management,  repair, 
maintenance,  and  nondestructive  evaluation.  A key  hairier  to  this  trend  is  the  lack  of  adequate 
data  and  the  absence  of  an  appropriate  database  structure  so  the  information  can  be  effectively 
utilized.  Three  tools  are  needed  to  overcome  this  barrier  materials  data  generation  standards, 
materials  data  exchange  standards  and  database  systems. 

A number  of  groups  are  active  in  the  development  of  materials  data  generation  standards 
which  include  not  only  test  method  descriptions  but  also  data  reporting  formats.  There  are  also 
a variety  of  efforts  on  formulating  data  exchange  standards.  The  goal  here  is  to  design  standard 
data  reporting  formats  and/or  conversion  methods  so  that  different  kinds  of  data  and  data  for 
different  purposes  can  be  integrated  into  the  same  data  base  or  exchanged  between  data  bases. 
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Current  efforts  seek  to  exchange  data  between  groups  whose  missions  include  processing  and 
manufacturing,  materials  selection,  and  finite  element  analysis. 

Another  critical  area  involves  software  for  database  systems.  The  need  for  new  software  is 
complicated  by  the  long  lead  time  required  for  software  development  New  databases  will  need 
multilayer  systems  so  that  many  categories  of  information  like  material,  specimen,  environment, 
source,  etc  can  be  adequately  specified.  Inclusion  of  appropriate  qualifying  information 
(sometimes  called  meta  data)  is  particularly  important  in  composites.  The  software  must  also  be 
more  user  friendly.  Finally,  the  new  software  must  be  able  to  handle  information  such  as 
graphical  and  image  data.  Current  programs  are  only  beginning  to  address  these  issues. 

There  are  a number  of  types  of  information  that  are  very  useful  for  a concurrent  engineering 
approach  but  are  not  usually  included  in  current  databases.  New  ways  to  deal  with  this 
information  are  needed.  A good  example  is  scale  up  information  on  test  specimen  results.  If 
such  results  are  to  be  used  in  design,  it  is  vital  to  know  if  the  information  is  independent  of  test 
specimen  size.  Another  area  is  repair  and  maintenance  data  along  with  the  appropriate 
information  on  NDE  techniques.  Recycling  data  would  also  be  very  useful  in  developing  designs, 
as  would  health  and  safety  data.  Since  information  of  this  type  is  critical  for  concurrent 
engineering,  a way  must  be  found  to  make  it  available. 
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DISCUSSION 


Following  the  industry  overviews,  the  first  questionnaire  was  distributed,  and  while  attendees 
filled  it  out,  presentations  were  made  on  six  NIST  projects  related  to  processing  science.  These 
presentations  will  not  be  described  here,  but  are  covered  in  the  Polymer  Division’s  Annual 
Report.^  The  remainder  of  the  meeting  was  then  directed  to  a general  discussion  of  the  three 
questions  the  Workshop  was  asked  to  address.  The  results  of  the  questionnaire  formed  the  basis 
for  the  discussions.  Before  summarizing  this  portion  of  the  meeting,  however,  it  is  useful  to 
describe  the  method  used  to  evaluate  the  questionnaires. 


Questionnaire  Analysis 

The  results  from  the  questionnaire  provide  a good  representation  of  the  discussion  and 
consensus  in  the  Workshop.  The  questionnaires  were  evaluated  with  a point  system.  Each 
attendee  was  asked  to  rank  in  order  of  importance  the  answers  to  each  question.  Multiple 
answers  could  be  given  the  same  rank  if  they  were  equally  important.  The  first  place  ranking 
for  each  question  was  given  4 points  while  the  second  place  received  3 points,  the  third  place  2 
points,  and  the  fourth  place  1 point.  The  total  points  for  each  answer  was  then  divided  by  the 
maximum  points  possible  (i.e.  if  ranked  number  one  by  everybody)  and  multiplied  by  100.  This 
produced  a scale  which  ranged  from  100  to  0 where  0 indicated  no  one  ranked  the  item  in  their 
top  four.  Since  the  questionnaire  contained  information  on  which  industry  sector  the  respondent 
represented,  the  results  could  be  analyzed  for  differences  between  specific  industries  as  well  as 
general  trends.  The  Workshop  composition  permitted  examination  of  four  industries:  automotive, 
electronics,  aerospace,  and  marine.  Because  the  number  of  respondents  in  each  sector  is  limited, 
the  industry  specific  analysis  is  regarded  as  qualitative.  Nevertheless,  the  results  are  quite 
informative. 


Processing  Methods 

The  first  issue  addressed  in  the  discussion  was  the  selection  of  the  most  important  processing 
method.  A suggestion  was  made  that  the  category  of  resin  transfer  molding  be  expanded  to 
include  related  processes  such  as  structural  RIM  (SRIM).  Such  fabrication  methods  are  very 
closely  related,  share  the  same  problems,  and  are  appropriate  to  consider  together.  The  term 
liquid  molding  was  recommended  as  a more  inclusive  term.  This  change  was  made  and  is 
reflected  in  Table  IV  which  summarizes  the  results  of  the  first  questionnaire. 

An  analysis  of  the  results  by  industry  sector  indicates  that  automotive  listed  liquid  molding 
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Table  IV:  Processing  Methods 

Method 

Score 

Pressure  Molding 

84 

Liquid  Molding 

82 

Filament  Winding 

39 

Thermoforming 

29 

Pultrusion 

21 

as  most  important  method  with  pressure  molding  a second.  Electronics  listed  press  molding  as 
the  dominate  area,  but  expressed  interest  in  autoclave  (pressure  molding)  and  liquid  molding  as 
well.  Aerospace  listed  autoclave  as  first  but  other  methods,  particularly  liquid  molding,  were 
listed  quite  high.  Marine  also  had  a broad  range  of  interests  in  all  methods  but  listed  pressure 
molding  and  liquid  molding  highest. 

The  general  list  of  priorities  is  almost  identical  to  that  obtained  at  the  last  Workshop.  Only 
two  changes  of  any  significance  were  noted.  First,  there  was  considerably  more  interest  in 
fabrication  by  press  under  the  category  of  pressure  molding.  Although  led  by  the  electronics 
industry,  other  sectors  also  expressed  a stronger  interest  in  this  method  than  they  did  at  the  last 
Workshop.  The  second  difference  is  the  relative  importance  given  to  the  top  two  ranked  items, 
pressure  molding  and  liquid  molding,  relative  to  the  method  ranked  third.  At  the  last  Workshop 
pressure  molding  and  liquid  molding  were  clear  winners,  but  now  the  advantage  over  the  third 
place  method  is  even  greater  than  before.  The  high  ranking  given  to  these  two  methods  reflects 
the  fact  that  a broad  range  of  industries  considers  them  very  important.  The  increased  interest 
in  press  molding  mentioned  above  is  one  example.  Moreover,  both  the  aerospace  and  marine 
industries  expressed  interest  in  a broader  range  of  methods  than  was  the  case  two  years  ago  and 
liquid  molding  and  press  molding  receiving  much  of  the  increased  attention.  In  the  last  survey 
aerospace  ranked  transfer  molding  as  10th  and  liquid  molding  was  not  listed  at  all.  This  time 
liquid  molding  ranked  a close  second.  The  potential  cost  advantages  of  these  methods  obviously 
pays  a major  role  here. 


Scientific  and  Technical  Barriers 

The  second  item  discussed  was  the  scientific  and  technical  barriers  to  utilization  of  improved 
processing  methods.  The  results  of  questionnaire  one  are  shown  in  Table  V. 
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Table  V:  Processing  Barriers 

Barriers 

Score 

Resin  Flow  / Fiber  Orientation 

69 

Process  Monitoring  and  Control 

52 

Fiber-Matrix  Interface 

44 

Data  Validation  / Test  Standards 

33 

Morphology  Understanding  and  Control 

28 

Surface  Quality  / Dimensional  Tolerance 

23 

Heat  Flow 

21 

An  analysis  of  the  results  by  industry  indicates  that  aerospace  rated  the  first  four  topics  in 
this  order  while  electronics  rated  the  first  two  in  this  order  but  lists  fiber-matrix  adhesion, 
morphology,  and  surface  quality/dimensional  tolerance  as  tied  for  third.  Automotive  listed  resin 
flow/fiber  orientation  as  one,  surface  quality/dimensional  tolerance  as  two,  data  validation/test 
standards  as  three  and  process  monitoring  and  control  as  four.  Marine  listed  process  monitoring 
and  control  as  one,  fiber-matrix  adhesion  as  two  and  resin  flow/fiber  orientation  as  three. 

The  results  here  were  very  similar  to  those  in  the  last  Workshop  including  the  interest  of 
automotive  and  electronics  in  surface  quality  and  dimensional  tolerance.  There  were,  however, 
two  important  changes.  First,  heat  flow  and  temperature  gradients  fell  from  number  two  to 
number  seven.  One  possible  explanation  for  this  is  that  improvements  in  modeling  capabilities 
have  made  the  prediction  of  heat  flow  more  accurate  and  reliable  than  it  was  two  years  ago.  The 
second  major  change  was  the  inclusion  of  process  monitoring  and  control  as  a separate  item 
rather  than  have  it  included  implicitly  as  was  done  last  time.  The  reason  for  this  was  that  the 
technology  had  developed  to  the  place  where  it  is  now  useful  to  address  this  topic  directly. 
When  listed  in  this  way,  every  industry  sector  rated  it  as  either  first  or  second  in  importance. 

An  important  point  mentioned  several  times  during  the  discussion  was  the  trend  toward  more 
complex  parts.  Current  production  often  involves  fabrication  of  large,  three-dimensional 
components.  In  addition,  there  is  much  interest  in  thick  section  composites  (25  cm  or  more)  for 
a number  of  applications.  This  increase  the  need  to  address  the  barriers  above  both  because  the 
processing  is  more  complex  and  the  costs  associated  with  failure  are  far  greater. 
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Detailed  Analysis  of  Barriers 


After  an  overall  ranking  of  the  barriers,  the  questionnaire  asked  attendees  to  explore  the 
importance  of  specific  topics  related  to  each  barriers.  The  following  section  provides  a summary 
of  the  results  from  the  questionnaire  and  associated  discussions  during  the  meeting. 

Resin  Flow  / Fiber  Orientation 

The  item  in  this  category  listed  as  most  important  was  void  formation  followed  closely  by 
fiber  wetting  and  fiber  alignment  and  control.  A note  was  made  by  the  automotive  industry  that 
a major  cause  of  void  formation  was  inadequate  mold  filling  and  improper  edge  and  comer  flows. 
These  three  items  were  ranked  at  the  top  by  all  industry  sectors,  but  aerospace  had  less  interest 
in  fiber  wetting  while  electronics  and  marine  placed  less  importance  on  fiber  alignment  and 
control.  This  is  understandable  since  the  aerospace  emphasizes  autoclave  processing  where  fiber 
wetting  is  the  prepregger’s  problem  and  electronic  and  marine  applications  often  have  less  need 
for  high  strength  and  stiffness  that  requires  careful  fiber  alignment  and  control. 

The  attendees  also  discussed  the  need  to  include  testing  of  high  viscosity  fluids  in  research 
programs  in  addition  to  measuring  the  lower  viscosity  materials  normally  used.  The  motivation 
for  this  is  the  increasing  interest  in  cyclic  oligomers,  thermoplastics  (particularly  for  filament 
winding),  high  temperature  resins,  and  processing  by  thermoforming  since  each  case  involves 
higher  viscosity  flows.  There  is  also  a trend  toward  larger  and  more  complex  parts  which 
combined  with  the  interest  in  higher  viscosity  materials  means  significant  increases  in  processing 
pressures.  There  are  few  studies  in  this  area.  Finally,  the  importance  of  resin  flow  in  void 
removal  was  discussed.  It  is  not  always  possible  to  prevent  void  formation,  and  consequently, 
void  removal  by  flow  can  be  very  important  in  some  applications. 

Process  Monitoring  and  Control 

The  overwhelming  choice  by  all  industry  sectors  as  the  most  important  item  in  this  category 
was  monitoring  sensors.  This  includes  the  development  of  new  sensors,  but  an  even  more 
important  point  here  was  the  need  to  make  the  sensor  smaller  and  less  perturbing  to  the  part  and 
to  make  the  sensor  and  electronics  more  rugged  to  facilitate  moving  the  technology  to  the  factory 
floor.  Another  important  aspect  of  monitoring  sensors  is  the  need  for  a better  understanding  of 
what  they  are  measuring  and  how  the  results  can  be  converted  into  information  useful  for  process 
control.  It  was  somewhat  surprising  that  this  item  was  ranked  so  highly.  One  possible  reason 
is  that  most  of  the  on-going  programs  in  industry,  research  laboratories,  and  universities  are  not 
addressing  this  area.  These  efforts  generally  use  existing  sensors  and  focus  on  the  development 
of  models  and  process  control  technology.  Thus,  monitoring  sensors  was  seen  as  a technology 
gap- 

Fiber-Matrix  Interface 

Two  items  were  ranked  equally  high  in  this  category:  test  methods  and  surface  treatments. 
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Current  interface  test  methods  were  considered  difficult  to  use  and  interpret  and  not  developed 
to  the  point  where  clear  correlations  with  composite  properties  have  been  established  More 
research  in  this  area  was  recommended  Surface  treatment  of  fibers  was  also  considered  a 
problem  area  since  there  are  gaps  in  understanding  the  factors  which  determine  wetting  and 
adhesion  at  the  fiber  matrix  interface  and  little  ability  to  control  these  factors  during  processing. 
The  Workshop  also  felt  that  there  was  a need  to  develop  a better  connection  between  the  fiber- 
matrix  bond  strength  in  a composite  and  the  consequences  of  this  in  composite  performance. 

Data  Validation  / Test  Standards 

Test  data  and  standards  for  performance  properties  were  listed  as  the  top  priority  by  all 
industrial  sectors.  This  was  followed  by  tests  for  quality  control  and  acceptance.  Viscosity  data 
and  degree  of  cure  tests  were  tied  for  third  The  latter  topics  were  more  highly  ranked  by  marine 
and  electronics  industries  than  be  other  sectors.  Electronics  also  ranked  residual  stresses  as  a 
major  concern.  The  discussion  raised  a number  of  specific  areas  where  improvements  were 
needed  These  include  a better  classification  system  for  composites,  better  information  of  scale- 
up  from  coupon  tests,  improved  sample  selection  guidelines,  more  data  on  the  influence  of 
processing  variables,  and  a better  way  to  include  such  information  in  a database.  It  was 
concluded  that  there  was  a clear  lack  of  good  data  on  well  characterized  composites. 

Morphology 

In  morphology  the  item  of  toughening  received  the  overwhelming  vote  as  most  important 
followed  by  phase  separation  and  crystaUinity.  This  is  a reflection  of  the  fact  that  ever\^  industr\' 
sector  listed  toughening  as  highest  priority.  The  interest  in  crystallinity  was  strongest  in 
aerospace  and  automotive. 

Surface  Quality  / Dimensional  Tolerance 

In  this  area  the  priorities  w'ere  spread  equally  over  a range  of  topics  including  creep  and 
stress  relaxation,  thermal  stresses,  and  cure  shrinkage.  The  physics  of  a class  A finish  was 
mentioned  as  an  item  that  is  not  understood  and  needs  work. 

Heat  Flow 

The  item  ranked  as  most  important  here  was  residual  stress  with  resin  kinetics  a close  second. 
Thermal  conductivity  ranked  next  followed  by  temperature  gradients.  Variations  among  the 
different  industry  sectors  was  minor. 


Technologies  that  Complement  Processing 

The  Workshop  discussed  the  technologies  that  complement  processing  and  identified  a 
number  of  areas  that  had  not  been  mentioned  either  at  the  previous  Workshop  or  in  suggestions 
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offered  on  the  meeting  registration  forms.  Consequently,  a second  questionnaire  which  included 
these  new  technologies  was  developed  and  completed  by  mail.  For  several  of  the  technologies, 
a number  of  specific  topics  were  listed,  and  attendees  were  invited  to  indicate  if  they  considered 
any  of  these  topics  to  be  particularly  important.  The  results  of  the  questionnaire  are  given  in 
Table  VI.  For  those  cases  where  a number  of  attendees  indicated  a high  degree  of  interest  in  a 
specific  topic  for  a technology,  these  topics  are  also  included  in  the  Table. 


Table  VI:  Technologies  that 
Complement  Processing 

Technology 

Score 

Fiber  Placement 

53 

Prepreg  Preparation 

Powder  Prepregging 

Commingled  Fibers 

47 

Joining 

Adhesive  Bonding 

40 

Preform  Preparation 

33 

Recycling 

23 

Environmental  Safety 

21 

Tooling 

21 

Alternate  Sources  of  Energy 

Microwave 

Heat  Assisted  Fiber  Placement 

17 

The  highest  ranked  technology  is  fiber  placement.  This  refers  to  an  advancement  on  filament 
winding  in  which  a number  a toes  are  applied  simultaneously.  Each  toe  has  its  own  pressure 
roller  that  positions  and  attaches  it  to  the  part  using  either  tack  (thermosets)  or  on-line 
consolidation  (thermoplastics).  This  makes  it  possible  to  do  complex  shapes  with  concave 
regions  and  other  desirable  features.  The  individual  toes  can  be  cut  and  stopped  or  restarted 
when  desired  during  processing.  The  result  is  a very  versatile  and  rapid  fabrication  process.  The 
second  technology  is  alternate  forms  of  prepreg  preparation.  This  includes  a number  of  new 
technologies,  but  the  attendees  selected  powder  prepregging  and  commingled  fibers  as  particularly 
important.  Joining  is  the  technology  rated  third.  Joining  can  mean  thermoplastic  welding, 
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adhesive  bonding,  mechanical  fasteners,  etc.  A number  of  attendees  singled  out  adhesive  bonding 
as  particularly  important  for  the  future.  The  technology  ranked  fourth  was  preform  preparation 
which  includes  trimming,  stitching,  braiding,  etc  as  well  as  automation  of  these  processes.  This 
technology  was  followed  by  recycling,  environmental  safety,  and  tooling  in  the  list  of  priorities. 
The  final  technology  listed  was  alternate  sources  of  energy.  A number  of  examples  were 
discussed  during  the  Workshop,  but  the  responses  to  the  questionnaire  gave  special  attention  to 
microwave  radiation  and  heat  assisted  fiber  placement. 

Relative  to  the  results  in  the  1987  Workshop,  the  major  difference  is  the  increased  number 
of  technologies  with  high  interest.  Only  two  topics,  prepreg  preparation  and  alternate  sources 
of  energy,  were  chosen  in  1987.  A detailed  analysis  for  specific  industry  sectors  indicates  that 
the  top  four  aerospace  priorities  were  in  agreement  with  this  list.  The  highest  rated  automotive 
items  differ  in  that  preform  fabrication  was  listed  number  one  and  recycling  was  rated  number 
four  instead  of  prepreg  preparation.  Electronics  ranked  prepreg  preparation,  joining,  and  alternate 
sources  of  energy  as  top  priorities.  In  the  list  for  marine,  preform  preparation  was  not  ranked 
highly  while  fiber  placement,  environmental  safety  and  tooling  were. 

The  high  ranking  given  to  preform  fabrication  by  the  automotive  sector  was  expected 
although  some  attendees  from  this  sector  rated  it  rather  low.  Perhaps,  this  reflects  the  difference 
between  those  interested  in  primary  structure  applications  and  those  involved  in  sheet  molding 
compound  for  body  panels.  A high  rating  was  given  to  recycling  by  both  automotive  and  marine, 
but  this  was  counterbalanced  by  aerospace  where  everyone  rated  this  topic  quite  low.  This  is 
understandable  in  light  of  the  production  volumes  involved  for  the  different  industries. 


Materials  with  Potential  for  the  Future 

The  Workshop  also  discussed  material  systems  that  have  potential  for  the  future  and  therefore 
should  be  watched  closely.  Everyone  agreed  that  thermosets  are  very  important  today  and  will 
continue  to  be  widely  used  in  the  future.  Some  attendees  felt  that  thermoplastics  (TPs)  were  also 
viable  candidate  materials  at  present,  while  others  believe  the  cost  effectiveness  of  TPs  is  sill 
unproven.  There  was  general  agreement,  however,  that  TPs  had  great  potential.  Both  amorphous 
and  partially  crystalline  TPs  were  considered  and  no  distinction  was  made  during  the  discussions. 

In  addition  to  TPs,  four  other  material  systems  were  identified  as  having  great  potential.  All 
five  are  listed  in  Table  VII.  The  first  three  were  included  in  the  initial  questionnaire  and  the 
ranking  by  attendees  was  equally  distributed  among  them.  During  the  discussions,  two  additional 
items  were  added.  These  items  were  also  considered  as  very  important  so  no  effort  was  made 
to  prioritize  this  list. 

The  term  smart  materials  was  used  to  designate  a variety  of  material  systems  which  are  either 
active,  i.e.  piezoelectric,  pyroelectric,  etc.,  or  contain  built-in  sensors,  i.e.  fiber  optics, 
piezoelectric  layers,  etc.  The  category  of  specialized  polymer  systems  includes  blends, 
interpenetrating  networks,  cyclic  oligomers,  etc.  Such  systems  have  the  potential  for  significantly 
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Table  VII:  Materials  with  Potential 
for  the  Future 

Liquid  Crystal  Polymers 
Thermoplastic  Polymers 
Molecular  Composites 
Smart  Materials 
Specialized  Polymer  Systems 


improved  properties  relative  to  simple  polymers.  The  area  of  molecular  composites  was  also 
discussed,  and  it  was  concluded  that  they  have  much  potential  but  cost  and  processing  difficulties 
present  barriers  to  their  use.  Finally,  liquid  crystal  polymers  were  considered,  and  there  was 
much  excitement  about  their  potential  to  build-in  specific  properties,  i.e.  anisotropy  generated  by 
controlled  molding.  The  ability  to  obtain  excellent  properties  in  one  direction,  however,  can  be 
compromised  if  the  properties  on  other  directions  are  poor.  A better  understanding  of  these 
materials  and  their  processing  was  viewed  as  the  key  to  realizing  their  potential. 


Performance  Properties 

The  final  issue  addressed  by  the  Workshop  was  performance  properties.  The  list  of  possible 
problem  areas  included  on  the  questionnaire  began  with  the  four  topics  identified  by  the 
Automotive  Composites  Consortium  and  then  added  items  known  to  be  of  interest  to  aerospace 
and  electronics  as  well  as  topics  suggested  by  attendees  on  their  registration  forms.  Table  VIII 
shows  the  results  from  the  questionnaire  for  the  seven  topics  rated  as  most  important. 

A detailed  analysis  by  industry  sector  shows  that  automotive  listed  impact  and  environmental 
effects  as  one  and  two  while  thermal  stability  was  third  and  dimensional  stability  forth. 
Electronics  listed  environmental  effects  first  with  impact  and  dimensional  stability  tied  for 
second.  Thermal  stability  tied  delamination  for  fourth.  Aerospace  listed  delamination  as  first 
while  electronics  listed  it  as  fourth.  This  is  the  main  reason  delamination  appears  so  high  since 
others  ranked  it  quite  low.  Aerospace  listed  impact  as  second,  environmental  effects  as  third,  and 
dimensional  and  thermal  stability  as  tied  for  fourth.  Marine  listed  fatigue  and  impact  as  first  with 
creep  and  environmental  effects  tied  for  third. 
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Table  VIII:  Performance 
Properties 

Property 

Score 

Impact 

61 

Environmental  Effects 

57 

Delamination 

43 

Dimensional  Changes 

43 

Thermal  Stability 

31 

Fatigue 

27 

Creep 

21 

The  results  showed  impact  (which  probably  includes  crash  worthiness  for  automotive)  and 
environmental  effects  as  high  priorities  for  all  industry  sectors.  Beyond  that  the  need  depended 
on  the  industry.  In  aerospace  the  overriding  concern  was  delamination;  in  electronics  it  was 
dimensional  stability,  and  in  marine,  it  was  fatigue.  There  was  also  concern  in  a number  of 
industries  about  creep,  particularly  for  applications  using  thermoplastics,  and  thermal  stability  in 
applications  where  dimensional  stability  (thermal  expansion)  or  high  temperature  are  important. 
The  discussion  suggested,  however,  that  these  differences  between  industries  may  become  less 
important  as  time  passes.  For  example,  the  reason  fatigue  was  not  ranked  higher  in  automotive 
and  aerospace  is  that  the  designs  are  now  dominated  by  crash  worthiness  and  delamination.  Once 
these  problems  are  solved,  fatigue  may  become  an  important  concern.  The  discussion  also 
emphasized  the  importance  of  processing  in  determining  the  microstructure  that  controls 
performance.  The  lack  of  understanding  in  this  area  was  considered  an  important  problem. 
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CONCLUSIONS 


Two  processing  methods  were  selected  as  by  far  the  most  important  fabrication  techniques 
for  the  future:  pressure  molding  and  liquid  molding.  Pressure  molding  w^as  defined  to  include 
flat  bed  press  molding,  compression  molding,  and  autoclave  molding.  The  term  liquid  molding 
w'as  used  to  describe  resin  transfer  molding  (RTM)  and  structural  reaction  injection  molding  (high 
speed  RTM). 

The  marine  industry  expressed  a broad  range  of  interests,  while  automotive’s  primaiy^  focus 
is  liquid  molding,  aerospace’s  is  autoclave  molding,  and  electronic’s  is  press  molding. 
Surprisingly,  how^ever,  all  indusny^  sectors  expressed  interest  in  a variety  of  pressure  and  liquid 
molding  techniques. 

Three  additional  processing  methods  were  identified  as  being  important  for  the  future: 
filament  winding,  thermoforming,  and  pultrusion. 

Seven  scientific  and  technical  barriers  to  the  full  exploitation  of  the  processing  methods 
outlined  above  w'ere  identified.  The  highest  priority  was  the  need  to  understand  and  control  resin 
flow'  and  fiber  orientation.  The  importance  of  resin  flow  w'as  associated  with  the  problems  of 
void  formation,  mold  filling,  and  edge  and  comer  flow's.  In  connection  with  fibers,  the  major 
concerns  were  fiber  wetting,  fiber  alignment,  and  orientation  control. 

The  second  highest  priority  barrier  w'as  the  need  for  process  monitoring  sensors  for  on-line 
process  control.  This  included  the  development  of  new  techniques  and  the  improvement  of 
existing  methods.  Current  sensors  and  electronics  need  to  be  made  more  rugged  to  operate 
effectively  on  the  factoty  floor,  and  the  output  of  the  sensors  must  be  better  understood  and  more 
closely  linked  to  process  control. 

The  third  highest  ranked  barrier  was  the  need  to  understand  and  control  the  fiber-matrix 
interface.  Of  particular  concern  is  the  area  of  test  miethods  w'here  current  techniques  are  difficult 
to  use  and  interpret,  or  not  developed  to  the  point  where  clear  correlations  with  composite 
properties  exists.  Another  area  w'here  it  w'as  felt  that  more  understanding  was  needed  was  surface 
treatment. 

Data  validation  and  testing  standards  was  another  area  that  needed  more  smdy. 
Measurements  related  to  performance  were  a particular  concern,  but  quality  control  testing  was 
also  of  great  interest.  Measurement  of  viscosity  and  degree  of  cure  were  particularly  important 
here  since  the  focus  was  processing. 

The  inability  to  determine  the  optimum  morphology'  and  achieve  it  during  processing  w'as 
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another  area  of  great  concern.  All  industry  sectors  felt  this  was  important  since  morphology 
often  plays  a significant  role  in  toughness.  The  aerospace  and  automotive  industries  also 
expressed  a concern  about  the  control  of  crystallinity  in  partially  crystalline  thermoplastics. 

The  sixth  most  important  barrier  was  the  inability  to  adequately  control  surface  quality  and 
dimensional  stability.  Although  all  industry  sectors  had  concerns  in  this  area,  automotive  and 
electronics  rated  this  area  as  second  and  tied  for  third  respectively  in  their  priority  lists. 

The  final  barrier  selected  was  heat  flow.  This  area  was  second  on  the  priority  list  generated 
at  the  1987  Workshop.  This  change  may  be  due  to  the  improvements  that  have  occurred  during 
the  past  several  years  that  now  make  modelling  of  heat  flow  easier  and  more  accurate. 

The  Workshop  also  identified  and  prioritized  eight  technologies  that  complement  processing 
and  are  important  for  the  future.  The  two  highest  ranked  items  were  fiber  placement  and  new 
methods  to  prepare  prepreg.  i.e.  powder  prepregging,  commingled  fibers,  etc.  Joining  was  listed 
as  third,  and  although  both  adhesive  bonding  and  mechanical  fasteners  were  mentioned,  the 
former  received  by  far  the  most  attention.  Preform  preparation  was  listed  next  primarily  on  the 
strength  of  the  number  one  ranking  given  by  automotive.  Recycling,  environmental  safety  and 
tooling  were  listed  next  in  that  order.  As  might  be  expected,  the  greatest  interest  in  these  topics 
was  for  mass  production  markets,  i.e.  automotive  and  marine.  Alternate  sources  of  energy,  which 
includes  microwave  heating,  heat  assisted  fiber  placement,  etc.,  was  ranked  eighth  but  had 
several  strong  supporters  in  electronics  and  marine. 

The  majority  of  people  at  the  Workshop  felt  that  thermosets  were  still  the  dominant  resin 
system  in  their  applications.  A number  of  attendees,  however,  were  actively  engaged  in 
thermoplastic  development  and  everyone  felt  these  materials  had  great  potential  for  the  future  if 
their  cost  effectiveness  could  be  established.  Thermoplastics  were  therefore  classified  as  a 
material  to  be  watched  closely  for  future  development.  Four  other  classes  of  materials  were  also 
included  on  this  list:  liquid  crystal  polymers,  molecular  composites,  smart  materials,  and 
specialized  polymer  system.  Smart  materials  include  systems  with  either  built-in  sensors  or 
active  components  such  as  piezoelectric  layers.  Specialized  systems  include  blends, 
interpenetrating  networks,  cyclic  oligomers,  etc.  The  last  two  categories  were  not  on  the  this  list 
at  the  Workshop  three  years  ago  and  represent  new  technologies.  In  addition,  the  interest  in 
liquid  crystal  polymers  was  somewhat  greater  than  it  was  three  years  ago. 

The  Workshop  also  selected  seven  performance  issues  that  they  felt  were  critical  to  the  future 
use  of  composite  materials.  In  order  of  priority  they  are:  impact,  environmental  attack, 
delamination,  dimensional  changes,  thermal  stability,  fatigue,  and  creep.  For  the  highest  ranked 
topics  there  was  a surprising  consensus  with  all  industry  sectors  ranking  impact  and 
environmental  attack  in  their  top  three  items.  For  automotive  impact  included  crash  worthiness. 
Beyond  this  point,  the  priorities  differed  for  each  industry.  Aerospace  listed  delamination  as  their 
highest  priority  and  dimensional  changes  as  fourth.  Automotive  added  thermal  stability  and 
dimensional  changes  as  third  and  forth.  Electronics  was  similar  to  automotive  with  slight 
differences  in  ordering.  Marine  listed  fatigue  and  impact  as  first  with  creep  and  environmental 
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attack  as  tied  for  third.  The  differences  generally  reflect  one  or  two  overriding  concerns  for  the 
particular  application,  for  example,  delamination  in  aerospace.  As  these  concerns  are  successfully 
addressed,  other  problem  areas  will  become  more  important,  i.e.  fatigue  will  become  more  of  a 
concern  to  aerospace  if  and  when  the  delamination  problem  is  solved. 
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APPENDIX  II;  QUESTIONNAIRES 


Copies  of  two  Questionnaires 
used  to  determine  Workshop  Priorities 


I 


■ 


. 


■■t 


J 


FIRST  QUESTIONNAIRE 


2nd  INDUSTRY  WORKSHOP  ON  POLYMER  COMPOSITE  PROCESSING 

NIST 

May  18,  1990 


Are  you  a SUPPLIER or  USER  _ 

Which  industry  sector(s)  can  you  respond  for 

1.  Aerospace  4.  Construction 

2.  Automotive  5.  

3.  Electronics  6.  


I.  SURVEY  OF  SCIENTIFIC  AND  TECHNICAL  BARRIERS 


:ne  major  Darners  in  orcer  ot  importance 
Indus  try  or  the  Indus  try  37  ou  s upp  1^7  (most  im.  porta  nt  it 
1,  etc.).  You  can  respond  for  more  than  one  Indus  tr37  i 


to  37 o u r 
e m m a r k > 
f V o u I 


NDUSTRY  (USE  = ABOVE  IF 
RESPONDING  FOR  MORE  THAN  1) 


fResin  riov  and  riber  Orientation 


TO 

UNDER- 

STAND 


Heat  F i o V 

Conductivity,  Gradients,  Ex 01 he 

F i b e r - M a t r i X Adhesion 

Data  Vaj_idation,  lest  Standarc- 
ization,  QC,  Acceptance  Testing, 


^ Morphology 

MEASURE:  Crystallinity,  Multiphas 

Toughened  S 37  stems,  etc. 

AND 

i/uriace  Qua.Litv/ 

Dimiensionai  Tolerance 

D 7:  r 


^ r ^ ^ ^ 


Process  Monitoring 


o n t r o i. 


I 
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II.  REFINE  SCIENTIFIC  AND  TECHNICAL  BARRIERS 


For  each  Barrier  that  you  listed  as  high  priority  above,  please 
rank  the  subtopics  in  order  of  importance  (highest  as  1) . Use  a 
separate  ranking  for  each  barrier.  Feel  free  to  add  any  additional 
items  that  are  not  already  listed. 


Indus  try 


Indus  try 


NEED  TO  UNDERSTAND  & CONTROL 


Resin  Flow  and  Fiber  Orientation 
Void  Formation 
Fiber  Wetting 
Edge  and  corner  flows 
Fiber  Alignment  & control 
Fiber  wash 


Heat  F low 

Thermal  conductivity 
Reaction  kinetics 
Crystallization  kinetics 
Temperature  gradients 
Residual  stresses 


Fiber-Matrix  Adhesion 
Test  me  tho  ds 

Material  type  

Surface  treatment 
Surface  topography 


Data  Validation,  Test  Standardization 
Viscosity 

Resin  cure  kinetics 
Performance  properties 
Quality  control  & acceptance 
Residual  Stress 
De  gr e e of  Cure 
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Morphoio  gy 

Phase  separation 
Multi-phase  morphology 
Toughening 

Amount  of  crystallinity 
Type  of  crystallinity 


Surface  Qua 1 i ty /D imens i ona 1 Tolerance 
Creep 

Thermal  stresses 
Cure  shrinkage 


Process  Monitoring  & Control 

Monitoring  Sensors  

Prediction  Models  for 
Controls  Models  for  

Other 
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III.  SURVEY  ON  PERFORMANCE  ISSUES 


Indus  try 


Impact 

Environmental  (Moisture,  UV , etc.)  Effects 

Creep 

Fa  t i gue 

De lamina t ion 

Dimensional  Changes 


Indus  try 


Thermal  Stability 


IV.  UPDATE  OF  PROCESSING  METHODS  AND  OTHER  CONCLUSIONS  FROM  LAST 
WORKSHOP 


In  addition  to  the  technical  barriers,  the  last  Workshop  identified 
the  important  processing  methods,  several  technologies  that 
compliment  processing,  and  materials  potentially  important  for  the 
future  (see  list  below).  Do  you  see  any  important  changes  in 
priority  or  significant  additions  or  deletions  to  this  list?  If  so 
please  indicate  this  below. 


Processing  Methods 

Methods  Rank 

Pressure  Molding  1 

Compression  Molding 


Autoclave  Molding 

Resin  Transfer  Molding  2 

Filament  Winding  3 

The rmo f o rming  4 

Pul t rus ion  5 


Important  Technologies  that  Compliment  Processing 

Alternate  Sources  of  Energy 
Microwave,  Laser,  etc. 

Resin  Coating  of  Fibers 

Powder  impregnation,  commingled  fibers,  etc. 

Potentially  Important  Materials  for  the  Future 

Thermoplastics 
Molecular  Composites 
Liquid  Crystalline  Polymers 
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SECOND  QUESTIONNAIRE 


NIST  Workshop  Survey 

We  would  appreciate  your  help  in  completing  our  survey  by 
indicating  your  opinions  on  the  technologies  that  compliment 
processing.  The  results  will  not  be  attributed  to  a person  or 
company  so  you  can  respond  freely.  Please  return  the  completed 
form  to : 

Donald  Hunston 

National  Institute  of  Standards  and  Technology 
Polymers  Division,  Bldg.  224/Room  A209 
Gaithersburg,  MD  20899 


Are  you  a SUPPLIER  or  USER  

Which  industry  sector(s)  can  you  respond  for 

1.  Aerospace  4.  Construction 

2.  Automotive  5.  

3.  Electronics  6.  


SURVEY  OF  TECHNOLOGIES  THAT  COMPLEMENT  PROCESSING 

Please  rank  the  technologies  in  order  of  importance  to  your 
industry  or  the  industry  you  supply  (most  important  item  marked 
as  1 , etc.).  In  the  first  4 items,  circle  anv  subtooic  that  vou 
consider  particularly  important.  You  can  respond  for  more  than 
one  industry  if  you  like.  Please  feel  free  to  add  any  comments 
you  like  in  margins  or  on  back. 

Industry  Industry 

INDUSTRY  (USE  # ABOVE  IF 

RESPONDING  FOR  MORE  THAN  1)  - 


Alternate  sources  of  energy:  

Microwave,  heat  assisted  fiber 
p 1 ac  ement , etc. 

Fib e r - p o lyrae r preparation:  

Powder  prepregging,  commingled 
fibers,  etc. 

J o ining : ^ 

Adhesive  bonding,  mech.  fastening,  etc. 

Preform  preparation:  

Trimming,  stitching,  etc. 

Environmental  and  safety  issues  

Recyc 1 ing  

Fiber  placement  technology  

Braiding  

Tooling  

.4  full  report  describing  the  workshop  ’.■.'■ill  be  distributed  to  you 
in  about  three  months,  but  meanwhile  some  people  h.  a v e requested 
copies  of  the  view  graphs.  If  you  would  liVce  a copy  of  the 
V i e w g r a p h s , please  List  your  name  here. 
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APPENDIX  m;  INDUSTRY  VIEWGRAPHS 


Copies  of  Viewgraphs  from 
Industry  Presentations  by 


C.  F.  Johnson,  Ford  Motor  Company 
G.  Schmitt,  IBM 
S.  Dastin,  Grumman  Aircraft 
E.  Stanton,  PDA  Ensineerins 

7 
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Industry  Update:  Automotive 


C.F.  Johnson 


Ford  Motor  Company 

Dearborn,  MI 
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Principal  Objective 


To  establish  joint  research  programs  between  Chrysler, 
Ford,  and  General  Motors  on  structural  polymer 
composites  in  pre-competitive  areas  that  leverages 
existing  resources  and  enhances  their  competitiveness. 


Composite  materials  technology  is  an  area  of  great 
potential  but  clearly  needs  further  development 


Cooperative  activities  focus  the  fragmented  research 
in  this  area 


Guidelines 


• Research  must  be  out  of  the  product  cycle 

• Technology  developed  should  be  feasible  for  eventual 
production  application 

• Research  sites  determined  as  a function  of  capability 

• Share  facilities,  people  and  information,  coordinate 
existing  dollars 
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structure 


• Joint  R&D  partnership  (Chrysler,  Ford,  General  Motors) 

• Legal  protection  under  the  U.S.  National  Co-operative 
Research  Act  1 984 

• Equal  funding  of  projects 

• Royalty  free  licensing  to  partners  and  their  majority 
owned  subsidiaries 

• Partnership  has  a maximum  life  of  1 2 years 


ACC  Programs 


• The  ACC  is  only  concerned  with: 

- pre-competitive  research  and  development 

- structural  composites  and  not  with  surface  critical  parts 
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Board  of  Directors 


CHRYSLER 

Saad  Abouzahr  Technical  Programs  Manager 

Bernard  Swanson  Executive  Engineer  - Materials 

Engineering 


FORD 

Peter  Beardmore  Manager  - Materials  Science  Dept. 

Richard  Kowalske  Manager  - Chassis  System  Dept. 


GENERAL  MOTORS 

Elio  Eusebi  Head  - Polymers  Dept. 

Jamie  Hsu  Director  - Power  Train  & 

Components  Mfg. 
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Board  of  Directors 


Working  Groups 
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Processing  Work  Group 


CHAIRMAN: 


Doug  Denton 

- Chrysler 

MEMBERS: 

Norm  Chavka 

- Ford 

Mike  Czaplicki 

- Ford 

Claude  Di  Natale 

- GM 

Carl  Johnson 

- Ford 

Mike  Mao 

- Chrysler 

Dean  Perelli 

- GM 

Doug  Peterson 

- Chrysler 

Barb  Stevens 

- GM 

Nippani  Rao 

- Chrysler 
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Processing  Work  Group 

Goal  and  Scope 


GOAL:  Develop  and  demonstrate  processing 

technology  capable  of  producing  reliable 
structural  composite  parts  in  high  volume  at  a 
competitive  cost. 

CURRENT  SCOPE:  Liquid  Molding  Process 

(RTM/SRIM) 
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Materials  Working  Group 


CHAIRMAN: 

Tom  Dearlove 


- General  Motors 


MEMBERS: 

Greg  Bretz 
Doug  Denton 
Ed  Hagerman 
Carl  Johnson 
Norm  Kakarala 
Jean  Lynn 
Doug  Peterson 


- Ford 

- Chrysler 

- General  Motors 

- Ford 

- General  Motors 

- Chrysler 

- Chrysler 
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Materials  Working  Group 

Goal  and  Objectives 


GOAL:  A common  automotive  "database"  containing 

comparable  information  on  structural  composite 
materials. 

OBJECTIVES: 

• Develop  a test  procedures  manual  to  guide  the 
measurement  of  key  composite  properties  for 
structural  analysis 

• Set  up  an  ACC  database 

• Develop  test  conditions  and  methods  for  durability 
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Energy  Management 
Working  Group 


CHAIRMAN: 

Richard  Jeryan 

- Ford 

MEMBERS: 

Mark  Botkin 

- GM 

Doug  Denton 

- Chrysler 

Larry  Lalik 

- Chrysler 

Bob  Frutiger 

- GM 

Doug  Peterson 

- Chrysler 

Dave  Schmueser 

- GM 

Peter  Thornton 

- Ford 

Ron  Wlosinski 

- Ford 

SUPPORTERS: 

Norm  Chavka 

- Ford 

Mike  Czaplicki 

- Ford 

Dan  Houston 

- Ford 

Barb  Stevens 

- GM 
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Energy  Management 

Goal 


Develop  and  demonstrate  the  technology  required  to  apply 
production  feasible  structural  composites  in  energy 
management  applications. 
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ACC  FOCAL  PROJECT 

Goals  and  Objectives 


GOALS: 

• Coordinate  relevant  activities  and  technical  directions 
of  the  Processing,  Energy  Management  and  Materials 
Working  groups. 

• Showcase  Energy  Management  design  features  and 
parts  utilizing  the  latest  Processing  concepts 

OBJECTIVES: 

• Build  the  ACC  Composite  Front  End 

• Demonstrate  acceptable  structural  and  energy 
management  characteristics  while  using  a 
manufacturable  preform  configuration 
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Industry  Update:  Electronics 


G.  Schmitt 


IBM 

Endicott,  NY 
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IBM  STD  ENDICOTT 


TECHNOLOGY  LABORATORY 


MATERIALS  ENGINEERING  AND  SCIENCE  N.I.S.T.  WORKSHOP 


ELECTRONIC  PACKAGING 


STATUS  AT  THE  TIME  OF  THE  N.I.S.T.  WORKSHOP  IN  OCT.  1987 


« BETTER  UNDERSTANDING  OF  POLYMER  RESPONSE  TO  PROCESSING: 

. FLOW  DURING  THERMOSETTING  CURE 
NEAT  RESIN 
COMPOSITES 

. POLYMER  COMPOSITE  INTERFACES 
POLYMER  - METAL 
POLYMER  - INORGANIC 
POLYMER  - POLYMER 


» FUTURE  REQUIREMENTS 

. TIGHTER  SPACING  (X.  Y.  Z) 

. HIGHER  OPERATING  TEMPERATURE 
. BETTER  ELECTRICAL  PROPERTIES 
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GP80-05/17/90 


TECHNOLOGY  LABORATORY 


IBM  STD  ENDICOTT 
MATERIALS  ENGINEERING  AND  SCIENCE  N.I.S.T.  WORKSHOP 


ELECTRONIC  PACKAGING 
STATUS  AT  THE  PRESENT  TIME 


» MAJORITY  OF  REQUIREMENTS  ARE  STILL  THE  ONES  NOTED  IN  1987 

. POLYMER  FLOW 

. POLYMER  COMPOSITE  INTERFACES 


» FUTURE  IS  CLOSER 


THAN  WE  REALIZED. 

HIGH  PERFORMANCE  THERMOPLASTICS 
THERMOPLASTIC  COMPOSITES 
LOW  LOSS  DIELECTRICS 
TIGHTER  CTE  CONTROL 


n OPTOELECTRONICS 

. COMMUNICATION 
. DATA  PROCESSING 


» SUMMARY 

. CONTINUE  AUTOCLAVE.  RESIN  TRANSFER.  FLAT  BED  PRESS 

PRESSURE  MOLDING  STUDIES 

. CONTINUE  ON-LINE  MONITORING  OF  PROCESS  ADVANCEMENT 
. CONTINUE  WORK  ON  POLYMER  COMPOSITE  STRUCTURES 
. CONTINUE  INTERFACE  STUDIES  (WEN-LI  WU) 

. ELECTRONIC  PACKAGING  WORKSHOP  TIMELY 
. MORE  THERMOPLASTIC  COMPOSITE  WORK 
. EXPAND  OPTOELECTRONICS  WORK 
. MORE  FREQUENT  COMMUNICATION  OF  PROGRESS 
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GS-05/17/90 


Industry  Update:  Aerospace 


S.  Dastin 


Grumann  Aircraft 

Bethpage,  NY 
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SECOND  INDUSTRY  WORKSHOP  ON 
POLYMER  COMPOSITE  PROCESSING 
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AEROSPACE  POLYMER  COMPOSITE  PROCESSING 

FROM 

FIRST  INDUSTRY  WORKSHOP 
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Ref:  Sam  C.  Weaver,  ASTM  Standardization  News,  April  1990 
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were  selected  as  critical  to  performance  by  all  industry  sectors.  The  results 
of  the  workshop  will  be  used  to  guide  the  development  of  the  NIST  composites  program. 
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